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Seweral lawratorie~ tvageindependently dweloped cmputer codes whfch use ●valuated data
frm the E!4D?,IBfile to prod~:e ~raup-averaged cross sections and transfer mtrices for ntbtr~n-
induce~ p-o:oc prodtictior.. There have been several instances in tiic?,these codes have ~rod~cez
Ciscremrt data sets, theretj cas:tng doubt on the validity of all the codes. For c series of

specified test cases. the results from three of these codes (LJCV, LAPHNWS, mnd WC*-IU; @re
s;s:er.a!ical?ycomparec with ccc?, other and mith hanc calcula?ion$. Several st.or:corringsir :ke
codes have been discovered and repaired. be maj5r difference cf pm;losophy has beer resclue:.
Cor\eqtier.:ly, :me code: ~lawe arrib-ed ~: subs: an!iisl agremer: or all of t~~ near!, I.. .

.
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grg~: cors:ae:s :al:ti;a?~: ir the stud;.
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TABLE I

IS070pE5 A%: REACTIOhS COMIUEPE: Ib THIS 5TXV

Phgtar Woduction Qatd KF m Is

EN9F/B-:v Lewn9w
M&l!s~ ET MF~lZ/13 LFa %Tb +?iTb ‘,.# Crder—— —

C-12 1274 13 DiSC 2 - - ?4
k-is 1275 la 12 DISC 2 - -
0-16 1276 4 DISC 2 - - :

2’2 :: DISC 2 Pc
r izn 3 13 CONT 1 2:4 i Po

4 13 ~Is~ 2,4 PC
102 CO!iT 5 i 1;? Po
107 ;: DISC 2,4 - - - Po

hA-23 1156 1? TPA - - - ?s
g 12 TPA - - . PG

*Photon dlstributtons are discrete !DIS+C)or continuous (CO%?] or tM neutron
●nwgj 9ewMence Is represented Ly means of transition probability arrajs !VL;.

b]nterpola:ior scne=e IJCe~ in the ●valuated data; tEJ: is, i%: s 1, 2, 4. and 5
specifies cmstm:. linear-linear, log-linear, and lag-log interpolation scher.es,

respectively.

Th@ calculations ~re ~rforned On EfiW/B-IV
ewaluated data. which had beep linearized, resonmce-
wem:!wc!ed :-d %~;lw.:r?a~c:c: :: 392 K tisin~ :IM
!dcf code J! L&SL. TrItpur~ase of this p,eprocessin;
was ta rlr,i-izrthe pozsitilit~ of discrer.anciesarisinq
fror code di~’erences no: direc:ly related to phn?on-
pmductlar processing. Calculhte9 matrices fro- 311 the
laboratories mere aJtc7.a:ic611y sartee me co?>arecia?
L:~L. Si~e-$~-side li.s:ing~. of all tne calc~latet data
mere Dr:. l:e: :0 a?; p~r:icipan:5. In addl:iofi,t%
~e~:e~:tgc al~fereni~ k,..u*i:* et:+.code detiiate:fr8-
:?It!cJC.Irestil:was calculated and dlsplayec. Discre;-
tn[ie~ of legs than Cml tire set ●qual to zero. Cages
ir m~il+ :hQ ~.a~ritucecf the difference be:wee- two
calcu;atec :ross sections wag less :~am 1.0 I lc-6c

~rt ~irl;arly disregarded. Tne cho!ce of h.!OV as the
s:arla~: Cv COr;aFf<O~. wa! cttrplete!, ar:l:ra~,”.

toncl~sions—.

7he first round of commrisons shoues ●grermnt
(to wit~ln 1 ) among the thrw codes for onli 7’ of
the 116P numbers calculated, a fact which reinfarcea
our ~tiva:ion for doirg the study. Hand calculations
Derfor?,e? Or a representative sample of discrepant ma-
trim elements suggested several improvements.and pro-
gress in the fem. of code notifications ca~~ quickly.
The remaining discrepancies (immlving 4 of the calcu-
lated num!ws] are due in part to differences in int:r-
pre:atiors of the ENDF/B-lV foma! or to minor differ-
ences in the calculational techniques used by the
C06QS.. Three of thesedifferences botr mentioning.

Tlwmost serious ambiguity Wists in the proces-
sing of continuous energy sp@ctra which are exprmsed
in EhDF/B as normalized probability distributions
g(~,-[i) at sele::ed neutron energies Ei. The cades
under study CWIplojdifferent methods for interpolating
to d~temine the photon spectra at intem~diate neutron
energies. The protle~ is illustrated in Figs. 2(s) and
(h:. At the lower nmctron ●nergy Ei, the photon ond-
pcln: energj IS r!; it the higher rreutrn energy

?“l. At the[i ● 1, the photon tndpoint energy is [,

‘in ddditlOn, there are differences due to ovaluati-m
errors.

intermediate neutron ●nergy [I. the ?;J3vand L~P~’i3:3
codes interpolate in such a waj [Fig. 2!a.I as tc ziti~
P%tcc yic??: {Ca:het ?inEJ f2r @GtGrl er,er~ir5 bs *.U
E!+:, whereas the interpolationmethod used Ej !%CF-:;

[Fig. 2(b!] gives D~OtOn -$,iet:s only up to a~ ener;: .I
E!. Because th,? resulting intermediate distrit:-:icr:
are norr,alized,the !.JCV/L,’WH?&KSmethod gitiesr~rt

c,

C,*I

Fia. 2:a!. NJOV/LAFH%GAS approach for in:erpclati:r.~f
normalized probability distrlb~tion:.

c,
——r-..

E,,,

/

Fig. 2(b). MACK-lV tpprotch for interpolation of nor-
malized probability dist..h tiOnS.

2



1,

1,01

Fig. 3. Illustrationof the proms~d #pproach to in-
terpolation of gomollzed proboblllty dfstrl.
buttons were E. ts defined fmn given TAB1
da tb .

Photcns in hl~her rnergy groups and the HALr-lv method
gives fe~er phc.tonsin the sime Qnergy groups.

Kither the tJJCY/LAPHNGASnor the MACI.-IVsmthod
gives m physically correct result. The ●ndpoint energy
for the Intennedlate pho on spectrum should be SUme-

fwhere between E! and El+ . However, the current formats
~nd Procedures for ENDF/B-IV do not ●now for an int?r-

polatio~ scheme that would producl: the physically rea-
zona:le result.

B quick r~edy for thfs anbigulty i% to Introduce
a Y&E! re:ori that giveS the p’loton,endpa:nt energy as
d fu~CtlO~ Of n@UtrOn ●nergy. As shown Ir.Fig. 3. the
r:ph ~a:d , w+.i:~ are compatik”lewith curter: EWF fomats
d,.:wni~h •rp~oY standard [h2F interpolation schemes.
*:-!: dllcii ? rare reasonable method of interpo~atio~.

L further source of difficulty with the normal-
ized prOba~ilft~ distributions is the use of this for-
ma: to represert discr~:e photons. Figure 4 depicts
tk spectru~ for M7 ■ 102 in fluorine. Differences in
~he aprroa:t :0 interpolation, described above, led to
a discrepancy (:%C!.-1Vresults versus NJOV/LAPHNGAS re-
sult:, of 13 ir,photon production?from neutron group 9
to photon grour 2 and 10C from neutron group 9 to pho-
ton grouP 1. Sinilar difficulties were encountered in
several neutron groups for this reaction. The effects
of these discrepancies on the photon energy per neutron
group w@re caluclated at ANL and found to be as high as
1: . These discrepancies. ~?ii~ncan be significant for
many appllcatlons, demonstrate the difficulties that
can result frw the use of file 15 to represent dis-
crete photon:.

A second difference Involves the way in which the
energies of certd~n discrete photons are calculated.
The EN2F!B format calls for the photon energy E, to be
calculated fror the tdrget atomic mass ratto AUR and the
neutron energy En according to the formula

E.~’+#&x~n,.,
where E! is the discrete photon energy _ ted in the
EWF file, The WACI.-IVaridNJOV codes calculate E @t
each neu!ron energy within a group, whereas LAPHN&
calculates one value of E, using the grouD-average neu-
tron enercjy~n. The latter procedure cm dfStOrt the
.verage photon secondary ener~y by placing discrete
photons in the wrong energy group. This difference is
known to have caused a discrepancy in two of the 1168
nonzero group constants produced In this study--photon
production from neutron group 5 to photon group 1 for

0.0 -

●o -
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Fig. 4. Representative normalized probability distri-
bution functions g{E,”Ei? for fluorlne
(MAT1277, MT152).

radiative capture [tf?■ 10Z) in nitrogen for bo:~ con-
stant and 1/[ weightin5.

Finally, there is a difference in the methoc G:
interpolating a function that is a prod~ct of two or
more variables for which interpolation schemes are spe-
cified in ENDF. The MACh-]V ‘Ide uses the highest in-
terpolation scheme, while tiJOVdnd LAPHW5 use linear
interpolation and disregard the interpolation 5cW-ej
associated with the components of the product. Wlel
l/C welghtinq Is used, this difference i~ dlgorit+-
causes a maximum discrepancy of 0.5” fur phot!?nProduc-
tion from radiative capture (MT ■ 102) in nitrogen.

With the ●aceptlons noted above, the three codes
compared In this study are now In Substantial dgreement
on the processin~ of ENDF/B-IV evaluated photor.produc-
tion data. Because no for%’mtchanges In this area are
contemplated for ENOF/B-L’,the sane s:atemer: s~cilj
be true for that data file.
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